Sediments entering the sewer in urban areas reduce the conveyance in sewer pipes, which increases inundation risk. To estimate sediment yields, individual landuse areas in each sub-basin should be obtained. However, because of the complex nature of an urban area, this is almost impossible to obtain manually. Thus, a methodology to obtain individual landuse areas for each sub-basin has been suggested for estimating sediment yields. Using GIS, an urban area is divided into sub-basins with respect to the sewer layout, with the area of individual landuse estimated for each sub-basin. The sediment yield per unit area for each sub-basin is then calculated.
INTRODUCTION
Recently, rapid changes in the weather, such as flash floods in urban areas, frequently occur due to climate abnormalities over the world. For most urban watersheds, which have a large portion of impervious areas and short travel times, as a result of urbanization, the risk of inundation increases with the occurrence of flash floods or storms. Sewer systems, which play an important role in discharging storm flow to receiving waters, have experienced decreases in their conveyance due to the accumulation of sediments or solids in the sewer pipes. According to the USEPA report (EPA 2004) , the decreased conveyance increases the risk of inundation.
However, insufficient attention has been paid to research on evaluating the effects of sediments or solids accumulation in sewer pipes on the increased risk of inundation. Thus, it is important to develop a methodology for evaluating the effect of reducing the risk of inundation in urban areas.
Most previous research associated with sediment yields from the overland surface has been made with regard to environmental characteristics. However, various sediment sources, as well as the characteristics of sediments or solids, which occur from urban overland surfaces make the development of an efficient methodology for quantifying sediment yields and the evaluation of their effects difficult.
One of the earliest examples of research on the subject, by Dalrymple et al. (1975) , analyzed the distribution of the solid grain size (or accumulated sediments) collected from the inside of separate or combined sewer pipes with respect to the settlement characteristics. Klemetson et al. (1980) and Ashley et al. (2004) studied the characteristics of solids in combined sewer pipes and a method for their removal.
However, their study only dealt with solids in sewer pipes, but not their various sources from overland surfaces. Brinkmann and Graham (2001) suggested a method for the removal of sediments from urban drainage areas, and Toy et al. (2002) studied a mechanism and suggested a methodology for predicting soil loss. However, these studies doi: 10.2166/wst.2008.283 were not suitable for application to soil loss in urban areas. Lee & Park (2006) reported their results of estimating sediment yields from urban overland surfaces and for the sediment loads inside the sewer pipes. In their method, however, they simplified the landuse areas in each subbasin to obtain parameters for the equations used to estimate the sediment yield, therefore, the accuracy of their model may not be high. Thus, in this study, a method for accurately and efficiently estimating sediment yields from various sources has been suggested and a relation analysis performed between sediment yields and the risk of inundation. For application of the method, a GIS is used to obtain the area of individual land use in each sub-basin, as well as data for urban drainage areas, which have complicated structures. An individual land use was categorized and built into the GIS data on the basis of the research of Lee et al. (2005) and Min & Kim (2006) . Using the land use data and GIS, the suggested method was then applied to a real watershed in Seoul, Korea. As a result, it is possible to accurately estimate the amount of sediments compared to the field data and identify the potential inundation risk areas.
METHOD TO ESTIMATE SEDIMENT YIELDS IN URBAN DRAINAGE AREAS
The model suggested by the USEPA (EPA 2004) was used to estimate the sediment yields from urban drainage areas, which is a grey-box model and; depending on the sediment sources, the sediment yields from each source can be estimated. The sources were divided into four categories, namely: litter/flotables, roadway sanding for snow/ice events, street dust and dirt, and soil erosion. The sediment yields were calculated for each source using relatively simple equations. The annual litter/flotables volume can be calculated using the equation suggested by Armitage & Rooseboom (2000) , which was developed as an empirical equation relating to South Africa. An estimate of the roadway sanding used for snow/ice events was obtained using Guo's Equation (Guo 1999) . However, only a portion of the sand estimated by Guo's equation can be consider a nonpoint source, as sand can be collected by road-cleaning vehicles or cleaning laborers after snow-melt. According to Guo (1999) , about 30% of the total sand sprayed road surfaces are transported by storm runoff and collected in retention or detention basins. However, this will vary according to the condition and maintenance practice of a given watershed. To estimate the accumulation loading of dust and dirt, Huber & Dickinson (1998) 
APPLICATION OF GIS TO URBAN DRAINAGE AREAS

Classification of landuse
To estimate the sediment yields from urban drainage surfaces, it is necessary to divide the land use of urban areas into several classes, namely: high-density and lowdensity residential areas, schools, commercial areas, industrial areas, parks and roads, as the sources and sediment yields are determined by individual land use. Moreover, in the case of roads, one needs to measure road lengths to estimate the amount of dust/dirt, which can be facilitated using GIS.
Delineation of subbasins
In water resource engineering, most GIS applications are used for analyzing natural watersheds, especially their delineation. However, since urban drainage areas have a different structure from natural watersheds, i.e., stormflow runs through a man-made sewer system, sub-basins should be delineated along with the sewer pipeline. In addition, elevation of urban surfaces is another factor that has to be defined.
Data acquisition and geoprocessing
To classify an individual land use, the CAD drawings established by the Sewer Division of Seoul Metropolitan Government were employed. In these drawings, individual land uses are stored in different "Layers", so that each layer can be separately converted into a "shape file" format of ESRI. For the delineation of sub-basins, drawings of the sewer layout and the elevation data were used, the detail process of which is shown in Figure 1 . Individual land use areas within each sub-basin were estimated by applying GeoProcessing functions, including "Intersect" and "Erase". These areas are the parameters used in the four equations to estimate the sediment yields. Estimating the "alley" areas for each sub-basin requires additional steps, whereas, the other land use areas for each sub-basin can be easily estimated, as is shown in Figure 2 .
REAL URBAN DRAINAGE AREA FOR APPLICATION OF THE SUGGESTED METHOD
The target area and individual landuse shape files
The urban drainage area, Gun Ja basin, where the suggested method was applied, is located in Seoul and has had some inundation events during the past decade. Its area of the GunJa basin is about 200 ha and divided into 26 subbasins.
Of these, sub-basin "0" is part of the JoongRang stream, where no sediment is produced; therefore, it was not considered when estimating the sediment yields. The overall shapes of the area and files when converted from the CAD drawings from the application of the geoprocessing are shown in Figure 3 .
Determination of the parameters
To apply the four equations mentioned earlier, certain parameters have to be determined. Since the determination of these parameters is very difficult, requiring vast field surveys, which are a time-and cost-consuming task, Table 1 .
It should be noted that the amount of sediment from the urban drainage surface calculated using the stated equations, with the suggested parameters shown in Table 1 , will be greater than the amount of sediment entering sewer pipes. In the case of litter/floatables, one of the parameters in the equation was the retrieving rate represented by a street cleaning factor for each land use ( f sci ). However, for roadway sanding and dust/dirt, there is no retrieving rate in the equations. This means that all the solids calculated using the suggested equations will be considered as sediments entering sewer pipes. As mentioned earlier, for roadway sanding, Guo (1999) reported that only 30% of sand sprayed road surfaces would enter the sewer pipes in the case of urban drainage areas. However, this may vary according to the condition of the urban drainage surface and maintenance practice, i.e. how many times cleaning vehicles are operated and the amount of snow. Therefore, a field survey is required to determine how much sand is retrieved by cleaning vehicles or other methods. In the case of the target area located in Seoul, the retrieving rate of roadway sand was less than 5% (Kim et al. 2004) ; therefore, the retrieving rates of roadway sanding and the wash-off of dust/dirt were assumed to be 0% and 0 g/curb-meter. To verify this assumption, the field survey data will be presented later.
Results of sediment yield estimation
Using the suggested method, the sediment yields from four sources were estimated, as shown in ,603,683.20 7,473.30 18,975.82 1,939,966.76 1,639,193.49 -- Table 3 . From a comparison, the estimated data were found to be 15% greater than those from the field survey. Taking into account the uncertainty in the determination of the parameters and assumptions, the sediment yields estimated can be considered reasonable estimations, with the suggested method using GIS adjudged to be applicable.
However, further applications of the suggested method will be required to verify its applicability.
Inundation risk analysis
The sediment yields per sub-basin were estimated, and sub-basins are then ordered according to the sediment yield per unit area. This was used to verify the relationship between the amount of sediments and the risk of inundation. Basically, sub-basins with a high ranking order according to the sediment yield per unit area were assumed to be vulnerable to inundation, as the conveyance of the sewer pipes may be reduced by the accumulation of sediments or solids. In the basin, the highest and second highest sub-basins were "8" and "14", respectively, but contained main roads; thus, sub-basin "2" was the highest that contained sewer pipes. For this reason, sub-basins "2", "3", "4", "5" and "6" were selected as expected inundation regions. The inundation records for 1998 were collected, and are displayed for those sub-basins. As shown in Figure   4 , the expected and historical inundation regions matched.
The same region had another inundation event in 2001.
Interestingly, over the last decade, heavy snow events were recorded during 1998, 2001 and 2004. Two inundation events occurred during the rainy seasons in 1998 and 2001.
Thus, a high risk of inundation may result from much sediment due to roadway sanding. Of course, it is obvious that many factors contribute to increase the risk of inundation, but according to our analysis, sediment yields also contributed to the increased risk of inundation.
CONCLUSIONS
Due to the mixture of individual land uses in urban drainage areas, it is very difficult to estimate individual land use areas within each sub-basin, which is one of the basic parameters for estimating sediment yields, but using GIS, these can be easily and accurately estimated. To anticipate high inundation risk regions, the results of the sediment yield estimation were employed, and many sediment yields were found to increase the risk of inundation. It is obvious that further applications and comparisons will be required to confirm this conclusion, but the suggested method will be useful when performing additional research.
